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Supplementary Note 4 | Thermally stimulated current
To identify the change in energy distribution and density of the trap states as the PHOLED ages, we measured the thermally stimulated current (TSC) characteristics for GRAD and M3 PHOLEDs. The encapsulated PHOLED was placed in the cryostat at a base pressure of < 2×10 -2 Torr and was cooled to an initial temperature of T i = 80 K.
After the temperature of the device is stabilized for 15 min, the devices are forward biased to obtain J = 2 mA/cm 2 for 5 min to charge traps in the device. Then, the temperature is increased from T i to the final temperature of T f = 340 K at a rate of 5 K/min.
During the temperature ramp, a constant reverse bias at V = -50 meV is applied to the device to extract thermally detrapped charges. A Keysight 4156C precision semiconductor parameter analyzer was used to bias the sample and measure the TSC with a resolution of ~1 fA.
Supplementary Figure 5 shows the TSC of GRAD and M3 managed PHOLEDs measured at T100 and T80. Both devices show high TSC at T < 100 K and T > 300 K, resulting from de-trapped charges from the transport levels. At T < 100 K, the TSC decreases for both devices as they age to T80, indicating that the density of transport sites is depleted. However, the reduction in TSC signal for M3 in this temperature regime is smaller than that for GRAD, yielding a change in charge density of n TSC = - Note that the initial values (I.V.) chosen for the fitting parameters are set within the upper and lower bounds that are an order of magnitude larger or smaller, respectively, relative to the final parameters providing the best fit (see Table 2 We also forced a single parameter to be smaller or larger by an order of magnitude relative to its final value, and the induced discrepancy in the fit was attempted to be compensated by varying the remaining four parameters. Supplementary Figure 8 shows that all the resulting simulations cannot fit the voltage rise, while some of those with changed k QN , k Qp and k Qext are in a reasonable agreement with the luminance degradation. However, considering that these fitting parameters are derived from coupled equations that should predict both the lifetime and voltage characteristics, the models that satisfy only one of these two characteristics are not accepted.
